Acetabular fractures make up approximately 10% of all pelvic fractures. They are mainly caused by highenergy trauma (traffic accidents, falls from heights) and in many cases are associated with multi-or polytraumas, but are increasingly caused by minor trauma also. They are also frequently associated with traumatic hip joint dislocations. [1] [2] [3] As a consequence of acetabular fractures, three possible late post-traumatic complications potentially require reconstructive surgery: post-traumatic osteoarthritis (OA), avascular femoral head necrosis (AVN) and heterotopic ossification (HO). According to data from the literature, the ratio of OA varies in a wide range (5-56%), depending on fracture pattern, Short-term results of total hip replacement after acetabular fractures grade of fragment displacement and successfulness of the primary osteosynthesis; the ratio of AVN is determined at a range of 4-29%. [4] [5] [6] The majority of these post-traumatic deformities require hip joint arthroplasty.
Total hip arthroplasty carried out after acetabular fracture is technically demanding. The results of total hip replacement (THR) for post-traumatic OA are generally inferior to THR performed for nontraumatic arthritis. [7, 8] Frank et al. [9] analyzed the prosthetic hip function after total hip replacement for coxarthrosis following acetabular fracture. They declared that patient age and injury severity influenced the preoperative function and hence the Harris hip score (HHS) after THR; however, these factors had no influence on the individual increase in the HHS. Most important was the preoperative HHS and the restoration of proper hip anatomy and rotational alignment.
Our aim is to evaluate the results and complications of arthroplasties performed for secondary OA and AVN after acetabular fractures.
PATIENTS AND METHODS

During a five-year period between January 2002
and December 2006, we treated in our institution 74 patients with acetabular fractures, mainly caused by high-energy trauma (64 high-energy, 10 low energy or monotrauma patients). There were 24 polytrauma patients (ISS score >17) out of 64 high-energy injuries. Other parts of the body were also injured in 40 patients (multi-trauma patients).
We analyzed the primary fracture of 39 patients (25 males, 14 females; mean age 45 years; range 25 to 73 years) according to AO/ASIF (Müller) classification, who have undergone prosthesis implantation. The type of prosthesis, with special respect to the selection of the cup and the necessity of acetabular reconstruction (grafting of the bony defect, removal of surgical implants) was also analyzed.
Thrombosis prophylaxis with low molecular weight heparin (LMWH) was applied in each patient after prosthesis implantation and patients also received non-steroid medication (75 mg diclofenac or indomethacinum) for at least six weeks in order to prevent heterotopic ossification.
The primary postoperative surgical complications and the functional outcome average at 31 months (range, 24-36 months) after prosthesis implantation were also investigated and compared to those prior to prosthesis implantation surgery based on the HHS.
RESULTS
Hip prosthesis implantation for post-traumatic osteoarthritis and/or femoral head necrosis was performed in 39 (53%) out of 74 acetabular fractures between 6-56 months after injury.
Analysis of the primary fracture of 39 patients according to AO/ASIF (Müller) classification revealed that most of the fractures were simple. The most frequent injuries were the fractures of the posterior margin and posterior column (type 62 A in 20 patients, type B in 15 patients and type C in 4 patients). As a part of the primary injury, dorsal, dorso-cranial or central hip joint dislocation occurred in 22 patients.
There were simple pelvic injuries in two out of 39 patients, and the acetabular fracture was associated with AO/ASIF type C pelvic ring injury also in two patients (Figure 1a-d) .
Revision surgery was performed 27 months on the average (range, 6-56 months) after primary injury.
For prosthesis implantation we applied anterolateral or direct lateral approach.
Removal of all surgical implants inserted during the course of osteosynthesis was necessary in 20 out of 34 patients, and partial removal was required in two patients. Implant removal was performed simultaneous with the prosthesis implantation in 18 patients and prior to it in four patients.
During the course of revision surgeries, an uncemented cup was implanted in 10 patients, a threaded cup type Zweymüller ® in six patients (Figure 2a-c) and press-fit cup type Biomet ® in four patients (Figure 3a-c Bone substitution was required in 10 patients due to bony defect type I-III. according to AAOS (American Academy of Orthopaedic Surgeons) classification. In two patients (AAOS type II/B) out of these 10, we implanted an uncemented cup and in another two patients we implanted a cemented cup reinforced with a titanium mesh (type I/A and II/B bony defect). Due to the extent of the bony defect, bone grafting and implantation of an acetabular socket was necessary in six patients. A Müller's socket was inserted in five patients (3 patients type I/A bony defect, 2 patients type II/A bony defect) and a socket of type Schneider-Burch in one patient (type III bony defect).
The ratio of surgical complications is demonstrated in Table I . In one out of three patients complicated with prosthesis dislocation, no further intervention was required after reduction. In one patient, insertion of a dislocation preventing cup rim was required. In another patient, the cemented cup had to be revised: we inserted an acetabular socket and replaced the cup with a new one.
There were deep infections in two patients. Vacuum/ rinsing drainage and selective antibiotic therapy was applied. No prosthesis removal was necessary due to infection during the course of the investigation.
No revision surgery was necessary due to aseptic relaxation of the cup or stem in this period although the follow-up interval (48 months at the longest) was short with respect to the working life of the prosthesis.
On investigating primary postoperative surgical complications and the 31 months (range, 24-36 months) functional outcome average after prosthesis implantation according to the HHS, [10, 11] the preoperative HHS score was 42 (range, 16-58) on the average, which increased to 81 (range, 52-96) after surgery (Table II) .
Functional outcome was worst after repeated revision surgery due to dislocation of the prosthesis where the cemented cup implanted in a surgically wrong manner had to be replaced, and implantation of an acetabular socket was also required. We observed poor functional outcome in one patient after septic complication (bone grafting, titanium mesh and cemented cup implantation was indicated due to type II/B bony defect) and in other two patients, when we implanted a cemented cup without bone grafting (HO type Brooker II) and after grafting for type I/A bony defect and implanting a Müller's socket.
Distribution of 12 patients with moderate functional outcome:
• After septic complication in one patient.
• After implantation of a cemented cup, when no bone grafting was necessary in nine patients. Prior to prosthesis implantation, stage Brooker IV HO was observed in one patient out of nine, stage III in two patients and stage II in further three patients.
• In one patient, after implantation of a Müller's socket and type I/A bony defect, and in another patient, after implantation of a Schneider-Burch socket and type III bony defect.
This list makes evident that functional outcome is influenced by numerous factors. Decreased range of motion prior to prosthesis implantation, HO, the extent of bony defect and various possibilities for reconstruction, septic complications and surgical difficulties/failures play the most important roles.
DISCUSSION
Our aim was the evaluation of results of arthroplasties performed due to secondary OA and/or AVN. According to a few previous studies the estimated ratio of post-traumatic OA is 15-67% and that of the post-traumatic necrosis of the femoral head is 15-20% although they frequently occur combined. [12] [13] [14] [15] [16] This ratio correlates with our experiences (53%).
The reason for late femoral head necrosis is the traumatic dislocation of the hip joint compromising the blood supply to the femoral head (immediate reduction is absolutely indicated even in polytrauma or severely injured patients!). Secondary OA may be caused by incongruent joint surfaces, direct lesions to the cartilage of the femoral head and/or acetabular joint surface, intraarticular bony fragment, surgical implants in the joint causing secondary damage to the cartilage and avascular necrosis of the femoral head.
The literature is not consistent in terms of the cup to be implanted for the secondary hip joint osteoarthritis caused by acetabular fractures. Both non-cemented (threaded and press-fit) cups and cemented cups are used.
Ranawat et al. [15] reported 32 post-traumatic hip prosthesis implantations where they achieved better results with uncemented prostheses, however these results are still not as good as those after prosthesis implantations performed for primary osteoarthritis.
Weber et al. [16] reported 66 cases where they implanted a cemented cup in 44 cases and an uncemented cup in 20 cases. A hybrid prosthesis was implanted in two patients (uncemented stem, cemented cup). A longer prostheses lifetime was observed after implantation of the uncemented cup, but the authors remarked that implantation of a cemented cup was required in 17 cases due to the extent of acetabular bony defects, which alone increases the ratio of complications.
Bellabarba et al. [17] reported 40 cases where a noncemented prosthesis was implanted after acetabular fractures; the outcome was almost the same as that after surgeries performed for degenerative diseases. At the same time, they compared previous nonoperatively-and operatively-treated cohorts, and confirmed that bone grafting was more frequently necessary in the operatively-treated group.
Zhang et al. [8] reported 55 patients where they used a cementless cup in 47. They concluded that total hip arthroplasty for failed treatments of acetabular fractures can be technically challenging. The complication rate is significantly higher than that reported for patients with nontraumatic osteoarthritis. They demonstrated that THR for failed treatment of acetabular fractures provides excellent results whether with cemented or cementless components.
Huo et al. [18] reported 21 cases of implanting exclusively non-cemented cups for the treatment of acetabular fractures via prosthesis implantation.
On the other hand, the literature is consistent in terms of selection of the cup mainly depending on acetabular deformity, extent of acetabular bony defect and pseudoarthrosis.
In order to pre-plan the reconstructive surgery, it is essential to determine the extent of the bony defect and/or of the pseudoarthrosis. Preoperative planning can be performed well based on two dimensional (2D) or 3D CT-scans. A disadvantage of this method is that it may not be always be informative enough, due to metal implants in the scanned slices. In such cases we use special, oblique X-ray projections (ala, obturator) and inlet-outlet projections (Judet-Letournel), which may provide useful information about the status of the acetabular margin and bottom. The preoperative assessment of the patient comprises the following examinations: determination of possible deformities of the ipsilateral and contralateral lower limb, measuring the difference between the length of the limbs, assessing the soft tissue condition and excluding any possible infection (clinical and radiological signs, sedimentation rate, C-reactive protein, procalcitonin and laboratory investigations). In case of suspected occult infection (elevated inflammatory biochemical parameters), scintigraphy performed with gallium citrate GA-67 and/or with technetium-99 m (99mTc) LeukoScan ® may support the diagnosis and localize the infection site. In case of suspected infection, bacteriological investigation of the joint punctuate is recommended. [19, 20] This is not completely usable in case of bony defects arising after acetabular fractures, because the bony defect is often combined with an unhealed fracture, pseudoarthrosis, especially after non-operative treatment or primary osteosynthesis performed for fractures of the dorsal wall and dorsal column.
Mears and Velyvis [21] recommend a classification for acetabular bony defects arising after fractures, which also provides therapeutically important considerations. According to this clinical classification, acetabular bony defects smaller than 10 mm in diameter are of only minor structural importance and usually no bone grafting is required. Bony defects with 10-25 mm in diameter are of moderate importance; defects larger than 25 mm in diameter are relevant and of very high surgical importance. Naturally, localization of the bony defect (acetabular margin or central part) makes a great difference and essentially determines the selection of the cup to be implanted.
Clinical determination of the extent of the pseudoarthrosis is similar to the classification of the extent of the acetabular bony defect. Pseudoarthrosis is frequently seen after fractures of the dorsal wall or dorsal column, and less frequently after transverse fractures and fractures of the anterior column. In case of acetabular bony defects smaller than 10 mm in diameter, bone grafting with bone chips is usually sufficient. In case of acetabular bony defects 10-25 mm in diameter, provident resection of the pseudoarthrosis and autologous bone grafting is required, which has to be protected with a titanium mesh prior to implantation of the cup. In case of an articular step-off larger than 25 mm in diameter, an acetabular socket has to be implanted after bone grafting. Alternatively, in case of a pseudoarthrosis arising after plate osteosynthesis performed through dorsal approach, open reduction of the fragments and transplantation of cancellous bone chips or bone block and internal fixation is required.
Opinions are not uniform in terms of primary treatment of acetabular fractures: primary osteosynthesis or arthroplasty are similarly preferred. Both procedures have advantages and disadvantages as well. Primary arthroplasty (few days after injury) is recommended only in well selected cases, mainly in case of monotrauma in the elderly with osteoporotic bones, or for acetabular fractures combined with femoral head or neck fracture (type Pipkin IV femoral head fracture) and in case of extensive damage to the acetabular cartilage or pathological fractures. [2, 21, 22] Boraiah et al. [23] and Saxer et al. [24] described a new surgical procedure in geriatric patients wherein they combined open reduction and internal fixation with a primary THR. [23, 24] Mears and Velyvis [22] reported on 63 out of 789 patients with acetabular fractures who underwent primary arthroplasty based on the above enrollment criteria within six days after injury, with good functional outcome [HHS: excellent in 58 cases (33%), good in 21 cases (12%), moderate in 16 cases (9%) and poor in 5 cases (3%)].
Belated, delayed arthroplasty, acetabular bony defect (OA and/or AVN arisen after nonoperative treatment), joint surface incongruence after intraarticular fractures, pseudoarthrosis, delayed bone healing, central, cranial dislocation or subluxation of the femoral head and muscle atrophy may make surgery more difficult. Also, extensive scarring after osteosynthesis, HO, implants hindering the reconstruction of the acetabulum and implantation of the cup, previous surgical scars, bad soft tissue conditions and occult infections may occur. When indicating a prosthesis implantation, we have to take into consideration that predominantly young people are injured.
In case of injuries caused by high-energy trauma (making up the majority of acetabular fractures in young, multi-or polytrauma patients), we follow the applicable trauma protocol and the appropriate diagnostic and therapeutic algorithm. Hip joint dislocation requires urgent reduction; internal fracture fixation is performed after the secondary diagnostic steps, 3-5 days after injury. The aim of osteosynthesis is the reconstruction of the joint surface congruence. Because the ratio of post-traumatic OA and/or AVN is above 50% after acetabular fractures, creating ideal conditions for a later arthroplasty is an additional aim of the osteosynthesis. This means that in case of development of post-traumatic osteoarthritis indicating prosthesis implantation, neither bone healing disorder, nor pseudoarthrosis or any bony defect should be present on the central or peripheral part of the acetabulum. In general, in case of predominantly young patients, uncemented cup implantation is recommended. If there is no bony defect or pseudoarthrosis and bone quality is good, an acetabulum with satisfactory blood supply can be configured and an uncemented, press-fit cup can be inserted. This can be performed usually in case of osteoarthritis secondary to post-traumatic femoral head necrosis. An uncemented, threaded cup can be implanted after grafting the bony defect with autologous cancellous bone, provided the circumference of the acetabular margin is intact. In case of poor bone quality, sclerotic bottom of the acetabulum, or bony defect larger than 10 mm in diameter, implantation of a cemented cup is supplemented (as occasion requires) with a titanium mesh and acetabular socket.
After fracture of the anterior, posterior wall and column, combined injuries or transverse fractures in the upper third complicated with central or dorsal dislocation of the femoral head, the presence of a larger or smaller bony defect or pseudoarthrosis has to be taken into consideration, even after osteosynthesis is performed in an appropriate manner. Selection of the cup type and necessity of bone grafting depend on the extent and localization of the acetabular bony defect and pseudoarthrosis (Table III) . For bone substitution we predominantly use autografts; bone, harvested from the resected femoral head and trochanteric region is beneficially usable as bone blocks on cancellous bone chips. In case of extended bony defects allografts are also usable. Combination of autologous bone grafts with an allograft is a widely applied process predominantly in reconstructive spine surgery in those cases where voluminous bone grafting is required. [25] In our everyday practice, the first choice process is grafting with autologous bone, but in case of extended bony defects we use the combined method as well. The grist for bone substitution is composed of autologous graft and deep frozen allograft.
Another important question is the timing of the prosthesis implantation. If prosthesis implantation is indicated for post-traumatic OA or AVN, it should preferably be performed when the acetabular fracture is completely healed and the prosthesis can be implanted into stable bony bedding. The bony consolidation after acetabular fractures takes 6-12 months. Timing of surgery may naturally be influenced by delayed bone healing, development of a pseudoarthrosis, migration of previously inserted surgical implants, HO, condition of the soft tissues, larvate or acute infection and other factors originating from the patient's age and concomitant diseases.
In case of post-traumatic disorders following acetabular fractures, indicating any kind of surgery requires extensive experience; the process and type
TABLE III
Recommendations for bone substitution of acetabular bony defects and selection of cup to be inserted after acetabular fractures, in patient of a hip arthroplasty Type of defect Treatment
